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1

TERMINATION FOR LIGHT-CONDUCTING
CABLE

BRIEF SUMMARY OF THE INVENTION

This invention relates to flexible light-conducting
cable assemblies of the type used in surgery for trans-
mitting light from a remote source to an instrument
such as an endoscope or a device such as surgeon’s
headlight. These light-conducting cable assemblies or-
dinarily use bundles of light-conducting glass fibers to
conduct light. However, some light-conducting cables
utilize liquid light-conducting media. This invention 1s
applicable to both types of light-conducting cables.

The invention is particularly concerned with an im-
proved cable termination which overcomes a number of
problems which exist in cable terminations heretofore
available. The invention is concerned with making a
secure connection between the sheath of the cable and
the terminating device, with insuring against contami-
nation of the interior of the cable, and with overcoming
various problems existing in the manufacture of prior
light-conducting cabies. |

A surgical light-conducting cable assembly typically
has fittings at both ends to enable one end to be attached
to a light source, and to enable the other end to be
attached to an instrument. The principal manufacturers
of surgical light sources and lighted instruments include
Narco-Pilling, Storz, Welch-Allyn, ACMI, and Wolf.
The instruments of each of these manufacturers require
a different fitting from the instruments of the other
manufacturers. Furthermore, an instrument of one man-
ufacturer is frequently used with a light source of an-
other manufacturer. Thus, there is a need for a wide
variety of cable assemblies.

It is desirable to provide a strain reliever at each end

of a light-conducting cable, particularly to prevent
damage to delicate optical fibers. A typical strain re-
liever is in the form of a coil of spring metal or rubber
boot which extends from the end fitting over the cable
sheath for a short distance.

A fiberoptic cable itself comprises a bundle of light-
conducting glass fibers extending through an elongated,
flexible, tubular elastomeric sheath, and fitting loosely
therein. The terminations at both ends of the cable
should have appropriate fittings for attachment to a
light source and an instrument; should provide for se-
cure attachment of the tubular sheath to the fitting;

10

15

20

25

30

35

45

should provide a seal to prevent the entry of contami-

nants into the interior of the sheath; and should provide
strain rehef. |

One popular form of cable termination compnses a
cylindrical metal element fitting between the sheath and
the optical fibers near the end of the sheath, a tight
winding of wire about the exterior of the sheath holding
the sheath firmly to the cylindrical metal element, a
one-piece fitting extending over the wire winding and
secured to the wire winding and to the outside of the
sheath by an epoxy cement, and a spring extending from
the fitting over the sheath for a short distance to pro-
vide for strain relief. |

Another form of cable termination is described in
U.S. Pat. No. 4,073,050 to Jacobus Kloots, dated Feb.
14, 1978. This cable termination comprises a metal in-
sert which extends nto the end of the sheath of the
cable between the -.ntical fibers and the sheath, and
which has an internally threaded section extending
outward}y from the end of the sheath. An end fitting 1s
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threaded into the internally threaded section. A rubber
boot extends over the exterior of the internally threaded
section, and over a part of the sheath, and is molded to
both elements. Assembly of the device requires placing
the end of the cable into a mold after the insert is in-
stalled. Normally, the end fittings and the optical fibers
are installed after molding takes place.

Still another form of cable termination is described in
U.S. Pat. No. 4,082,422, also to Jacobus Kloots, dated
Apr. 4, 1978. In this cable termination, an elastomeric
strain reliever is provided on the sheath and spaced
axially from the end of the sheath, a metal sleeve 1S
adhesively bonded both to the strain reliever and to the
sheath, and a plastic housing is press-fit onto the sleeve.
The housing has an end with internal threads for receiv-
ing a threaded end fitting. As in Kloots U.S. Pat. No.
4,073,050, the strain reliever is molded to the sheath.

In these prior cable terminations, where adhesives are
used to secure the end fitting to the sheath, a contamina-
tion hazard exists, because sterilization in & steam auto-
clave can cause the adhesive seal to loosen.

Devices which rely upon adhesive to hold the end
fittings to the cable are also likely to come apart after
extended usage. The same holds true for devices which
rely upon molding of elastomer to metal surfaces to
hold parts together.

All of the prior light-conducting cable terminations
are time-consuming to assemble. The cables of the

‘Kloots patents require molding of an elastomer strain

reliever onto the flexible cable sheath. The requirement
for molding gives rise to logistic problems, particularly
when the molding process is subcontracted and per-
formed at a location remote from where the rest of the
assembly takes place. Since terminations are usually
provided at both ends of a cable, 1t is not possible to cut
the cable to length during final assembly. Rather, the
length of the cable must be determined before molding
of the strain relievers takes place. As a practical matter,
this requirement limits the variety of the lengths n
which the cable can be supplied, or alternatively re-
quires large inventories of sheaths with molded strain
relievers to be maintained. The need for molding strain
relievers onto the sheath also causes problems in that
any damage at all to a sheath with strain relievers
molded onto it which occurs during shipping from the
molder to the assembler, requires the entire cable sheath
and both strain relievers to be discarded.

The object of the present invention 1s to overcome
one or more of the foregoing problems, and particularly
to provide a light-conducting cable assembly which 1s
easy to assemble, and to provide an effective, durable -
seal, which stands up under constant use, and which 1s
resistant to contamination which may occur in surgery.
It is also an object of the invention to provide a light-
conducting cable assembly termination in which the
parts which require molding are structurally simple and
universally usable in any length of cable, and with any
end fitting.

It is also an object of the invention to provide a hight-
conducting cable termination which is capable of being
taken apart at any stage during its assembly in order to
correct errors or to apply more sealant where needed.

The light-conducting cable assembly in accordance
with the invention comprises an elongated, flexible,
tubular elastomeric sheath having a light-conducting
medium extending longitudinally through the sheath
and surrounded thereby. The light-conducting medium



A

4,697,870

J
can be an optical fiber bundie or a liquid-filled light

conductor. At least one end of the sheath is provided
with an end fitting, a ferrule, and an elastomeric sleeve.
The fitting may be a unitary part, but it has first and
second sections. The first section extends into the 3
sheath, and the second section is exteriorly threaded
and adjacent to the first section but located beyond the
end of the sheath. The fitting has an internal passage
receiving the light-conducting medium in such a way
that the light-conducting medium extends at least part- 10
way into the passage. The first section of the fitting 1S
located between the light-conducting medium and the
sheath. The ferrule has internal threads engaged with
the exteriorly threaded second section of the fitting.
Means operatively associated with the ferrule clamp the 15
cheath of the cable against the first section of the fitting
when the ferrule is rotated in one direction on the
threaded second section of the fitting. An elastomeric
sleeve is bonded to the exterior of the ferrule, and ex-
tends from the ferrule over a part of the sheath toward 20
the opposite end of the sheath.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an axial half section of the fitting;

'FIG. 2 is an axial half section of the ferrule; 25

FIG. 3 is a side elevation, partly in axial section,
showing the fitting and ferrule in an assembled condi-
tion at the end of a fiberoptic cable;

FIG. 4 is a side elevation, partly In axial section of a
modified cable termination in accordance with the in- 30
vention used with a liquid-filled light-conducting cable;
and -

FIG. 5 is a side elevation, partly in axial section,
showing a modified termination for a fiberoptic cable.

DETAILED DESCRIPTION
Fitting 10, as shown in FIG. 1, comprises a first sec-
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“tion having a narrow cylindrical part 12, and a some-

what wider cylindrical part 14 joined by an exterior
frusto-conical step 16 at an intermediate location along 40
the length of the first section. The frusto-conical step
provides a surface which has a radial component, Le.
the surface extends at least partly in the radial direction
with respect to the axis of cylindrical parts 12 and 14.
The surface of step 16 faces away from a second section 43
18 of the fitting, the second section having exterior
threads. |

On the side of the threads opposite the first section a
collar 20 is provided. Collar 20 extends radially out-
wardly beyond the threads. On the opposite side of 50
collar 20 from section 18 there is provided a third sec-
tion 22 which includes an end designed to be plugged -

. +s an instrument or light source. The end shown is
designed for ACMI equipment. The fitting may, of
course, be provided with other configurations in its 353
third section 22. However, regardless of the form of the
third section, the first and second sections can be as
shown in F1G. 1.

The fitting of FIG. 1 has an internal passage 24 which
extends from end 26 of the first section to end 28 of the 60
third section at the opposite end of the fitting.

Ferrule 30, shown in FIG. 2, has 2 knurled generally
cylindrical outer surface 32, and internal threads 34
capable of threading onto threads 18 of fitting 10.
Threads 34 extend from one end of the ferrule to a 63
location approximately halfway between the ends. At
the opposite end of the ferrule, an inwardly extending
annular collar 36 is formed. Collar 36 has an internal,

4
frusto-conical surface 38 with its narrow end 40 spaced
from threads 34 by a distance greater than the spacing
between wide end 42 and the threads. Surface 38, there-
fore, faces toward the threads.

The fitting and ferrule of F1GS. 1 and 2 are shown in
assembled condition in F1G. 3 on the end of a fiberoptic
cable comprising a sheath 44 and a fiber bundle 46. The
fber bundle fits loosely in the sheath so that a space 48
is provided between the bundle and the sheath when the
fibers of the bundle are brought together into a cylinder
<o that they fit into passage 24 (FIG. 1) in the fitting.
The fiber bundle extends to the opposite end 28 of the
fitting, where 1t 1s secured by a suitable resin such as
epoxy resin and polished.

Sheath 44 is an elongated, flexible, tubular elasto-
meric sheath, the relaxed internal radius of which 1s
approximately the same as that of part 12 of the fitting.
The end of the sheath 1s stretched to fit over part 14 of
the fitting. When ferrule 30 is rotated so that the threads
cause it to move toward collar 20, part 50 of the sheath
is pinched by frusto-conical surfaces 16 and 38. The
pinching action not only secures the sheath firmly to the
fitting, but also prevents entry of foreign matter into the
interior of the sheath. An elastomeric strain relieving
boot 52 is molded onto the knurled outer surface of the

ferrule, and abuts collar 20 when the ferrule is tightened

against the sheath of the fiberoptic cable.

A slow-setting silicone rubber sealant such as “RTV”
sealant made by General Electric Company is provided
between the strain relieving boot and the sheath, in the
threads of the fitting and the ferrule, and also in the
space between the ferrule and collar 20. The sealant
prevents foreign matter from entering into any space
between the sheath and the boot, or into the threads or
the space between the ferrule and the collar. However, -
the sealant is not essential to the prevention of entry of
foreign matter into the cable itself, as this 1s accom-
plished by the pinching action of the ferrule on the
sheath.. B

In the assembly of a fiberoptic cable having identical
terminations at both ends corresponding to that shown
in FIG. 3, a combination of a ferrule with an elastomeric
boot molded onto it 18 placed over each end of the
sheath, and pushed toward the center of the sheath so
that the sheath protrudes through the ferrule. Optical
fibers are pulled through the sheath either before or
after the ferrules and strain relief boots are placed over
the sheath. At this time, the fiber bundle extends beyond
both ends of the sheath. At each end of the sheath, the
fber bundle is pushed through the internal passageway
of a fitting, and the fitting is pushed into the sheath. The

" end of the sheath is stretched over wide cylindrical part

14 of the fitting. The sheath is then coated with a sili-
cone rubber sealant from each of its ends to the points
where the ends of the boots will be located. Sealant is
also placed over the threads of each fitting, and on the
side of the collar of each fitting adjacent the threads.
The ferrules are then threaded onto the threads of the
fitting until the sheath is pinched and secured in place.
Following this, a low viscosity epoxy resin is applied to
the fibers protruding through the fittings, and the fibers
are then cut and polished.

The cable just described has the advantages of easy
assembly. It provides a sirong and secure attachment of
the cable sheath to the end fitting, and an effective,
durable seal which prevents entry of contaminants 1nto
the interior of the cable, and which stands up under
constant use. The molded combination of the ferrule

I;_-ni'
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and the strain relief boot can be used with any of a
variety of fittings, as all fittings can have standard first
sections (12, 14) and standard second sections (18).

The use of slow-setting sealant on the sheath and in
the threads and the fact that neither molding nor adhe-
sive is depended upon to secure the sheath and fitting
together, make 1t possible to take the cable termination
apart at any stage during its assembly to correct errors
or to apply more sealant where needed. Thus, it 1s not
necessary to discard an entire cable assembly when an
error is made in putting it together.

A device similar to that shown in FIG. 3 can be used
as a termination for a liquid-filled light-conducting ca-
ble. Such a device is shown in F1G. 4. The liquid-filied
cable comprises a tubular flexible sheath 56 filied with
an optically transparent hiquid 58. The material of the
sheath, or at least the inside coating thereof, and the
liquid, must be chosen for maximum light transmission.
Techniques for accomplishing light transmission
through liquid-filled flexible cables are well developed,
and exemplified by U.S. Pat. No. 3,995,934, dated Dec.
7. 1976. The disclosure of the patent 1s here incorpo-
rated by reference. Ordinarily, the liquid and sheath
material are chosen so that the index of refraction of the
liquid is higher than the index of refraction of the
sheath. This relationship produces internal reflections
which enable the liguid-filled tube to transmit light from
one end to the other regardiess of how it is bent. Glyc-
erin is a typical liquid, and polytetrafluoroethylene and
polytetrafluoroethylene hexafluoropropylene are typi-
cal sheath materials. |

The fitting is similar to that shown in FIG. 1, except
that it comprises two parts threaded together. The fit-
ting has a first section comprising cylindrical parts 60
and 62, part 62 being radially larger than the relaxed
internal radius of the sheath. The fitting has a second
section 64 with external threads 66, a collar 68, a pro-
truding part 70 having internal threads 72, and a sepa-
rate third section 74 threaded into part 70. Section 74
has a cylindrical passage with a quartz window 76 ce-
mented into it. Liquid 58 fills the sheath and the internal
passage of the first and second sections of fitting 68. It1s
prevented from flowing outwardly by the quartz win-
dow in section 74. A sealing gasket is provided at 77.

Ferrule 78 is identical to the ferrule shown in FIG. 2,
and has a strain relief boot 80 molded to its knurled
exterior. Part 82 of the sheath is pinched between sur-
face 84 of the ferrule and surface 86 of the fitting in the
same manner as is part 50 of the sheath in FIG. 3.

The seal provided by the pinching action of the fer-

rule against the flexible sheath 1s particularly advanta-
geous in the case of a liquid-filled sheath, because it not
only secures the sheath firmly to the fitting and prevents
the entry of foreign matter, but also effectively prevents
the leakage of liquid from the interior of the sheath.
The light-conducting cable in accordance with the
‘nvention can be assembled by first securing end fittings
at both ends of the sheath. The section corresponding to
section 74 of FIG. 4 is present at one end of the cable,
but not at the other. Thus, one end of the cable 1s open.
The light-conducting liquid is poured into the cable
through the open end. The cable is vibrated slightly to

- dislodge air bubbles adhering to the wall of the sheath.

When the cable is filled to the end, and bubbles have
been eliminated, the section with the quartz window 1S
threaded into the end of the open fitting. A small
amount of liquid is displaced at this time. Vhen the
section having the quartz window 1s securely tightened,
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it provides 2 permanent, leak-proof seal. The cable may
then be used in the same manner as the fiberoptic cable
of FIG. 3.

The devices of FIGS. 3 and 4 secure the flexible
sheath to the end fitting by directly pinching the sheath
between frusto-conical surfaces of the end fitting and
the ferrule. An alternative scheme, applicable both to
fiber cables and to liquid-filled cables is illustrated in
FIG. 5. The fitting in FIG. 5 is similar to that in FIG. 1,
in that it comprises a first section having larger and
smaller cylindrical parts 88 and 90, a second section 92
having external threads, and a third section 96 which
can be plugged into a light source or an instrument. The
fitting differs from the fitting of FIG. 1in that a groove
98 is provided at the location where the first and second
sections come together. The threaded section prefera-
bly has a radially extending surface 100 forming one
side of the groove. |

Fiber bundle 102 extends through an internal passage
in the fitting, and terminates at the far end of section 96.
Flexible sheath 103 extends over parts 90 and 88 of the
first section, and is stretched over part 88. The end of
the sheath is pushed into groove 98 by an elastomeric
ring 104 compressed between radial wall 100 of the
fitting, and radial wall 106 of ferrule 108. The normal

relaxed internal radius of ring 104 1s approximately

equal to the external radius of part 88. However, axial

compression of ring 104 between walls 100 and 106
causes part of the ring to expand inwardly, pushing the

end of sheath 103 into groove 98, where it 1s firmly
secured.

A boot 110 is molded to the knurled exterior of fer-
rule 108, and extends rearwardly from the ferrule over
part of the sheath. Collar 112 of the ferrule does not
pinch the sheath, and the sheath is held in place by
virtue of its being compressed into groove 98 by rng
104.

As a modification to the device of FIG. 5, it is possi-
ble to eliminate the groove, and to rely solely on friction
between a ring corresponding to ring 104 and the exte-
rior of the sheath. However, the groove provides a
particularly secure attachment between the sheath and
the fitting. |

In the versions of the cable termination shown in
FIGS. 4 and 5, a sealant is z3ed between the strain relief
hoot and the sheath, in the “reads of the end fitting and
ferrule, and in the space between the ferrule and the
collar of the fitting.

The terminations shown in FIGS. 3, 4 and 5 can be
made with any of a wide variety of cable connector
configurations.simply by modifying one end of the end
fitting. In fact, in the case of FIG. 4, the first and second
sections of the fitting can be a standard unit, and only
the third section with the quartz window cemented In
place, need be changed to provide a different connector

‘configuration.

I claim:

1. In a light-conducting cable assembly comprising an
elongated flexible, tubular elastomeric sheath having a
light-conducting medium extending longitudinally
through said sheath and surrounded thereby, an end
termination at one end of the sheath comprising: |

a fitting having a first section extending into the

<heath at one end thereof, an exteriorly threaded
second section adjacent to said first section but
located beyond said one end of the sheath, and an
internal passage receiving the s nt-conducting
medium whereby the light-conducting medium
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extends at least part way into the internal passage
and said first section of the fitting is located be-
tween the light-conducting medium and the sheath;

a ferrule having internal threads engaged with said

exteriorly threaded second section and means Oper-
atively associated with the ferrule for clamping the
sheath against the first section when said ferrule 1s
rotated in one direction on said threaded second
section; and

an elastomeric sleeve bonded to the exterior of said

ferrule and extending therefrom over a part of said
sheath toward the opposite end of the sheath.

2. A light-conducting cable assembly according to
claim 1 having a sealant between said sleeve and said
sheath.

3. A light-conducting cable assembly according to

4,697,870
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claim 1 in which at least part of said first section is

radially larger than the relaxed internal radius of the
tubular sheath and maintains the part of the sheath sur-
rounding it in a radially stretched condition, and the end
of said part of the first section remote from the exteri-
orly threaded second section is formed into a surface
which-has a radial component and faces away from said
exteriorly threaded section, the means on said ferrule
for clamping said sheath against said first section com-
prising an inwardly extending annular collar having a
surface bearing against said sheath and clamping said
sheath against said surface with a radial component on
said first section.

4. A light-conducting cable assembly according to
claim 3 in which said surface having a radial component
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's an exterior frusto-conical step at an intermediate loca-
tion along the length of said first section.

5. A light-conducting cable assembly according to
claim 4 in which said surface of the inwardly extending
annular collar is an internal frusto-conical surface the
narrower end of which is more remote from the
threaded section than is the wider end.

6. A lightconducting cable assembly according to
claim 1 in which said means operatively associated with
the ferrule for clamping the sheath against the first
section of the fitting comprises an elastomeric ring at
least partially surrounding the sheath, opposed means
on the ferrule and on the fitting for compressing the ring
axially when the ferrule is rotated in said one direction
on said threaded second section whereby, as a resuit of
said axial compression, the elastomeric rng expands
radially inwardly to clamp the sheath against the first
section of the fitting.

7. A light-conducting cable assembly according to
claim 6 in which said first section of the fitting 1s pro-
vided with an external annular groove positioned at the
axial location of the ring whereby radial inward expan-
sion of the ring forces the sheath into the groove.

8. A light-conducting cable assembly according to
claim 1 in which the light-conducting medium is a lig-
uid. |

9. A light-conducting cable assembly according to
claim 8 in which the fitting includes a third section
threaded into the second section thereof, the third sec-
tion having a transparent window permitting light to
pass between the liquid light-conducting medium and

the exterior of the fitting.
% ¥ x % L
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